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The invention relates to a process for preparing di- and 
polyrormylcartaoxylie eatara by hydrof ormylation of asters 
of multiply unsaturated tatty acids in the presence Of an 
5 aqueous solution containing rhodium cartoonyl/phosphine 
complexes aa catalyst and additionally a surf actant . 

The hydrof ormylat ion ai unsaturated fatty acid esters is 
attracting increasing interest. This is based, in parti- 
cular, on the fact that tha starting materials ar« 

10 frequently native raw materials or substances produced 
from native raw materials "which are available in large 
quantities. The reaction products of the hydro- 
formylation, mono- or palyf ormyleaboxylic esters, -which 
can also still contain reactive double bands, are sought- 

15 after intermedia tee . They can be further processed into 
■widely used products such as poly amine a, poly ure thanes, 
alfcyd resins, plasticizexa and synthetic lubricants. 

The hydroformylation of higher, multiply olefinieally 
unsaturated compounds baa already bean repeatedly 

30 atudiad. A problem in this reaction la the high molecular 
weight of starting material and reaction product, which 
maTcea separation and recycling of the catalyst homo- 
geneously dissolved in the reaction product, e.g. by 
distillation, impossible. Furthermore, when using multi- 

25 ply unsaturated compounds having isolated but closely 
spaced double bonds, double bond ieomerization in the 
hydro formylat ion can only be avoided by means of rhodium 
carbonyl/ tertiary phoephine complex catalyst systems. 

A problem critical to the economics of the process is the 
30 loss- free separation of the homogeneously dissolved 
catalyst system from the reaction product and its re- 
cycling in active form to the hydroformylation reactor. 
Hitherto, it hag only been possible to separate the 
rhodium/phosphine catalyst from the reaction mixtures 
35 containing formyi-fatty acid esters from the hydroformyl- 
ation of jnonounsaturated fatty acid esters. However, the 
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procedure requires complicated measures, furthermore, the 
catalyst is obtained in inactive £0111 and. the pnOdpliine 
part o£ tha catalyst system ia completely lost (J. Amer. 
Oil Cham. Sew. Vol. SO, 45S (1973)3. 

5 Line 1 sic and linolenic methyl esters can be hydroforjuyla- 
tect in che presence of heterogeniaed rhodium ca ebony 1/ 
phosphine complex catalyBtB baBed on polys iloxane 
(Chemiker-aeitwig, 115 US 91, p. 33 £ £) ) * When using 
methyl linoleate, the process gives mono- and difonnyl- 

10 stearyl BSterS in yielda of up to 95%, based on the 
doubly unsaturated ester used. Linolenic acid too gives, 
in Che hydroformylation in the presence of the specified 
catalyst systein< only the dixonayl compound; in contrast, 
at meat subordinate amounts of triforayl products art 

15 obtained. Tha rhodium recovery Is on average About 0.5% 
o£ the noble metal originally used. It cannot be ruled 
out that a part of the catalyst metal is present in 

hgrnageneouisly dissolved £ortl ii agtlillbrlUttt With the 

fixed metal, so that the hydrof orsnylation tak.es place not 
20 only over the fixed-bed catalyst, but also in solution. 

It is therefore an object of tha invention to develop a 
process which allows asters of unsaturated tatty acids to 
be hydroforraylated, with multiply unsaturated fatty acid 
esters toeing not only partially, but completely hydro- 
25 formylated. In addition, noble metal losses should be 
largely avoided. 

The above-described object is achieved by a process for 
preparing di- and pclyf army lea rboxylic esters. It com- 
prises reacting eaters of multiply unsaturated catty 
3d acids and low molecular weight monoalcohols with carbon 
monoxide and hydrogen at from 100 to 18v*C and from 5 to 
35 MPa in the presence of an aqueous solution containing 
rhodium- phosphine complexes as catalysts and additionally 
a surfactant. 

35 The hydro rormyleti on of olefins having more than 6 carbon 
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atoms in tha molecule in the presence o£ an aqueous 
solution containing rhodium complexes as catalyst and 
additionally a quaternary ammonium salt as solnhiliaer is 
known from fit-6-157 316. A further development of this 
5 process ie subject matter of EP-B-163 234. According to 
ttiie patent, C,~ to C 3 , -olefins are reacted with hydrogen 
and carbon monoxide in the presence of rhodium off a 
sulfonated arylphoaphine whaae dition. ia a quaternary 
ammonium ion. 

10 Both processes concern exclusively the reaction o£ 
nrancunsaturated compounds which, in addition, contain no 
functional groups. Surprisingly, the new process enables 
a plurality of double bonds present in tha eater 
molecule, including internal double bonds, to be slmulta- 

15 neously hydrof ocraylated, giving, for example, diformyl 
products from doubly unsaturated compounds and triformyl 
products from triply unsaturated compounds . 

Starting compounds for the process of the invention are 
esters whoa a one component ia a multiply, in particular 

20 doubly and triply, unsaturated fatty acid having from a 
to 25. preferably from 1 0 to 20, carbon atoms in the 
molecule and whose other component is a saturated mono- 
alcohol having from 1 tD LD carbon atoms in the molecule, 
preferably methanol. Thsss esters are obtained from 

25 natural oils, if desired previously refined and dis- 
tilled, by traasesterification. Examples of natural oils 
3B basis of tha acid component of the starting eater are 
cottonseed oil, thifltle oil, peanut oil, pumpkin kernel 
oil, linseed oil, t^orn oil, soybean oil and sunflower 

30 oil. 

Catalysts used in the process claimed are rhodium com- 
pounds containing coordinated water-soluble phosphined, 
i.e. salts whose anion is a phoaphine which contains at 
least one sulfonated or carboxylated aromatic radical. 
35 The term phoaphine also includes those compounds of 
trivalent phosphorus in which the phosphorus atom is a 
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constituent of a heterocyclic ring. The aromatic radical 
can be bonded to the phosphorus atom of the phoaphine 
either directly or via other groups , Examples of automatic 
radicals axe the phenyl and the naphthyl radical. They 
5 can be singly or multiply sulfonated ox earbojcylated and 
in addition can ha substituted hy further atom groups or 
atoms such as alkyl, hydroxy!, halide. Monophosphins 
aniena are preferably derived from compounds of the 
formula <1) 



10 Here, Kr 1 , Ac- 3 , Ax 1 are each a phenyl or naphthyl group, 
Y 1 , y*, Y* are each a straight- chain or branched alky! 
group having from 1 to 4 carbon atoms, an alteoxy group, 
a halogen atom, the OH, CN, H0 3 ox R L R 5 -N groups, -where R 1 
and R 1 are each a straight -chain or branched alkyl group 

IS having from 1 to 4 carbon atoms; X 1 , X s , X J ub each a 
sulfonate { SO, ') or <;aTbo«ylafce (COO") radical, n,, n,, n 3 
are identical or different integers from 0 to 5. H la an 
alkali metal ion, one chemical equivalent of an alkaline 
earth metal or zinc ion, an ammonium or <jwa ternary 

20 ammonium ion of the formula N(R J R*R 5 R«1 -where R\ R\ r', 
R e are each a straight- chain or branched alfcyl group 
having from 1 to 4 carbon atoms. 




(1) 



3 
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Preference ia given to cnmpaua.de o£ the above -described 
formula in which Ar 1 , ir 1 , Ar' are each a phenyl radical 
and I 1 , x 1 , X 1 are each a sulfonate radical in. the meta 
position to the phosphorus (tris Im-sulfonafeophenyllphoB- 
E phins, abbreviated a* TPPTS) . 

A further group o£ monophosphinee suitable as catalyst 
component aria obtained by aulfalkylation of dialkylphos- 
phines or diary lphosphines containing 1,2-, 1,3- or 1,*- 
sul tones 

(CH2)n 
R-CH S02 

s o / 

10 (where n - 0, 1 or 2 and R ■ H, alkyl) , 
e.g. corresponding to 



CHj SO, 
^ m / 



where A are identical or different alkyl or aryl 
radicals . 

the anion can be formed not only txaa rocmopiiOBphinea but 
15 also £rom polyphosphines , in particular diphosphinea , 
which aantain at least one sulfonated or earboxyiated 
aromatic radical. Diphosphins anions are preferably 
derived from diary 1 compounds of the formula (2) 
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which »rE substituted by at least one sulfonate tSO,"> 
radial or carboxylate (COO - ) radical- In the Eormule, R 1 
are identical or different alkyl, cycloalkyl, phenyl , 
tolyl or naphthyl radicals, R 2 are identical or different 
5 and are hydrogen, alkyl or alfcoxy radicals having from 1 
to 14 carbon Btama, also oycloalkyl, *ryl or aroxy 
radicals having from 6 to 14 carbon atoms or a fused 
benzene ring, n are Identical or different and are 
integers from 0 to 5 and n are likewise identical or 

10 different and *r<3 integers from 0 to 4 . Preference is 
given Co the sulfonated compounds which are obtainable by 
conventional methods. Useful representatives of this 
class of compounds are the products obtained by sulfona- 
ticrt Of 2,2' -bis fdiphenylphoBphinomethyl) -1,1' -hiphertyl 

IS or 2, 3' -bio (diphenylphosphinemefchyl) -1,1' -binaphthyl. An 
example which mey be mentioned of the anion of a hetero- 
cyclic phosphorus compound ia 3 , 4-dimethyl-2, S, 6- trie {p- 
suL £ ana t opheny 1 J -1-pho sphanorbornadie na . 

The alkali, metal salts or the aasmonlum salts, in parti- 
al cular the sodium salts, of the sulfonated or carboxylated 
phosphines- ere usually used as catalyst constituent. 

An essential feature of the new method Is the addition of 
a surfactant {also described as solublllser, phase- 
transfer, surface- active or amphipbilic reagent) to the 
2 5 aqueous catalyat solution. For the purposes o£ the 
present invention, surfactants are substances or mixtures 
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□£ substances which are compatible both with the aqueous 
phase (eh* catalyst) and with the organic, phase (the 
unsaturated fatty acid eater) and are soiuhla in both 
phases, at least at elevated temperature*. The task of 
5 the surfactants is improving the solubility of the £abty 
acid ester in the catalyst solution, This occurs by 
aggregation of the surfactant particles to form micelles 

above the critical micella formation concentration 
(c.m.c, of, Ullmanno Encyclopadie der technlachen 
10 Ch«al«, 4th edition, IS 82, volume 22, pages 464, 46 5} 
characteristic of each surfactant. The ester molecules 
accumulate in the mice lies and are transported in. this 
form into the aopieoua catalyst phase in which the reac- 
tion with the aynthaala gas occurs. 

L5 According to the chemical structure, distinctions, are 
made between anionic surfactants bujcI* as the soaps, alkyl 
sulfates, aUeylbensaneeulfonates and alkylhenzena phos- 
phates, catiooic surfactants whose most important repre- 
aentativafl are tha tetraalky 1 ammonium aaltH, ainphoteric 

30 surfactants containing zwltter ionic hydrophilic groups 
and of which the aminos arboxy lie acids, betaines, suits - 
betainee and amine oxides we e?cawpleB end finally non- 
ionic surfactants which include alkyl and alkylphenyl 
polyethylene glycol ethers, fatty acid a lkylol amides and 

25 sucrose fatty acid eBters. 

In the process of the Invention, preference ie given to 
using amphoteric surfactants and, in particular, cationic 
surfactants, e.g. tetrahexylajamonium bromide, tetradecyl- 
amtnonium bromide, H-dodecyl-U, H, K- trimethyl ammonium 

3 0 bromide, N-tetradecyl-N,K,K-trimethylamnionium bromide, 
N - hexadecy 1 -H r N,M- 1 rime thy 1 ammonium bromide , W- oc tadecyl - 
H,N,H-tr±methylaismionium bromide and amphoteric surfac- 
tants such as H,K-dimethyldodecYlainmonium betaine, 
M,W-dimethylootylajnine N-oxide, W, N-dimetbldeeyliunine 

35 N-axide, N,H-diwethyldodecylamine N-oxide, H.N-dijAOthyl- 
tetrsdecylamine N-oxide, The surfactants can be used aa 
uniform substances or as mixtures. The concentration of 
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the surfactant in the aqueous catalyst solution lies 
above the critical micelle formation concentration under 
the reaction Conditions of the hydroformylation reaction. 

The reaction of the multiply unsaturated fatty acid ester 
5 with hydrogen and carbon monoxide is carried out at 
temperatures of from 100 to 180°C, in particular from 120 
to 140 °C, and pressures of from 5 bo 3 5 MPa, preferably 
from IS to 20 MPa. 

The catalyst can be added to the reaction system in a 
10 preformed staok. However, it can be prepared -with equally 
good results from the components rhodium or rhodium 
compound and the aqueous solution of the sulfonated or 
carboxylated phosphine under the reaction conditions in 

th^ reaction mixture, i,e, in the presence of the fatty 
15 acid ester. Apart from metallic rhodium in finely divided 
form, the rhodium source used can be water- soluble 
rhodium salts such as rhodium chloride, rhodium sulfate, 
rhodium acetate or Compounds aoluhle in organic media 
eueh as rhodium 2-ethylhexanoato or Insoluble compounds 
30 such as rhodium oxides. 

The rhodium concentration of the aqueous catalyst solu- 
tion is from 100 re 600 ppm by weight, preferably from 
300 to 400 ppm by weight, based on the solution. To rule 
out ioomerization of the unsaturated fatty aoid ester, 
25 the sulfonated or carboxylated phosphine is used in such 
an amount that at least 20 raol, preferably from 40 to 
AO mol, of P(III) are present per mole of rhodium. 

The pK Of the aqueous; catalyst solution ahpuld not be 
below a value of 3 . In general, the pH is aet to from 5 
30 to 10, preferably rrom 6 to 6. 

The composition of the synthesis gas, i.e. the ratio of 
carnon monoxide to hydrogen, can be varied within wide 
limito. In general, the synthesis gas used ia one in 
which the volume ratio of carbon monoxide to hydrogen ia 
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i -. 1 or deviates only little from this value. 

The reaction can be carried out either ba.tchwi.ee or 
eon tinumisly . 

The process of the invention le illustrated by the 
5 following examples, but ie not restricted to the embodi- 
ments presented. 



For the synthesis of the diformyl and triformyl deriva- 
tives of fatty acid methyl eaters by hydro formylat ion of 

10 multiply unsaturated fatty acid methyl esters, wee was 
mads either of technical-grade linseed oil fatty acid 
maehyl ester mixture hiving & composition of 55% of 
methyl linolenate, 15% of methyl linoleate and 20% of 
methyl oleata, remainder .saturated fatty acid methyl 

15 esters. or a mixture consisting of 9 0% of methyl 
linolenate and 10% of methyl linoleate . The reactions 
were carried out in 160 ml V4A steel autoclavea having a 
pleasure -resistant dropping funnel , pressure sensor, 
bursting disk, and thermocouple. A magnetically coupled 

20 propeller stirrer having holes for introducing gae 
provides, intensive mixing of the reaction mixture. 

The catalyst solution was prepared in a Schlenk tube 
flushed with argcn which was charged with the calculated 
amounts of" ihodium compound (Eh t tCO) Ltt HRh(CO) (NaTPPTS)j 
25 or Rhjtao^j), phosphine ligand, oxygen- free water and 
surfactant . The pH of the catalyst solution was set using 
KaHG0 3 or alkali metal hydroxide. 

To prepare the actual hydroiormylation catalyst, the 
catalyBt solution was pretreated with synthesis gas for 
3 0 one hour while stirring and under the temperature and 
pressure conditions of the hydroformylation in an auto- 
clave which had been flushed with argon and then, with 
synthesis gas. Subsequently, the unsaturated ester was 
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added drcpwise. 

The fall in pressure could be monitor ed during the 
reaction using & pressure sensor with associated 
recorder, After the reaction wad complete, the autoclave 
5 was cooled, slowly vented and the reaction mixture was 
transferred to a separating funnel. Aqueous and organic 
phases were separated, the organic phase was taken up in 
ether and washed twice with twice its amount of distilled 
water, while presumably littla rhodium goes into the 
10 organic phase, the latter was additionally washed with 
NaTPPTS solution. The organic phase vaa dried t*ver Wa 1 SO af 
filtered, the ether was distilled ofif and the hydro- 
foratylation product was analysed. 

The hydrogens t ion of the hydro£ormylatiom product to give 
15 the corresponding hydroxymethyl compounds was carried Cut 
at 100-G and 14 MPa Hj pressure using, as catalyst, lOfe 
by weight (based on the hydroformyLation product) of 
Raney nickel slurry in methanol. As solvent, the sane 
vclutte of methanol was used. The reaction product freed 
20 of catalyst by filtration and of methanol by distillation 
was characterized by its fat-chemical parameters [iodine 
number, carbonyl number, hydroasyl number) . 

Example 1 

A L60 ml magnetically stirred autoclave was charged with 
2 5 10 a (it technical -grade linseed oil fatty acid ester 
mixture [ester mixture based on the catalyst phase) 
together with 29 cm 3 of an aqueous catalyst solution 
containing 0.08 mraol (200 ppm by weight) of Rh, 1.6 mmol 
of MTaTPPT3 (P/Rh ratio 20}, 3.2 mttol of tetradecyltri- 
3g methylammcnium bromide (7.5 times c.m.c.) and had been 
adjusted to a pH of 8 using »a,C0,. The two liquid phaBeg 
and the gas phase were intensively mixed at a reaction 
pressure of 20 KPa and a temperature of 12 0*c. After a 
reaction time of la hours, the autoclave was cooled, 
35 vented and the reaction produce wae worked up as 
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described above, The conversion was 100%. The reaction 
product: had a composition ot 26% by weight ot monoCormyl 
product, based on the ester mixture used, 3 0% by weight 
of dizannyl product, b«ed on the methyl linoleate and 
5 methyl linolafia.be Contents of the ester mixture, and 47% 
by weight of trishydrof o my la t ion products, baa ad only an 
the methyl linolenate content of the ester mixture. The 
above method o£ calculating the yield vbb also employed 
for all other experiment 3 using the technical-grade 
l& linseed oil fatty acid methyl ester mixture. 

Examples 2 - G 

Technical -grade linaaed oil fatty acid methyl e:flter 
mixture was hydroiormylated in the presence of the water- 
soluble chodluift carbonyl/liaTPPTS catalyst: system as 
15 described in Example 1, but with variation ot the surfac- 
tant . Tha results are eunmari zed in Table 1 . 
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Example "7 

2a Technical -grade linseed oil fatty acid ester mixture was 
hydBoIoraylsted as described in Example 1, but using 
three times the rhodium concentration (6 DO ppm of 
rhodium) and. twice the P/Kh ratio (40 > 1) . The conver- 
sion was quantitative,, The product mixture contaiftad: 
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27% lay weight O* moncformyl products 
30% by weight of difonnyl products 
52% by weight of tr-iformyl products 

Examplafl 6 - 10 

5 Tha surfactant concentration, has a decisive influence on 
the micellar two-phase hydrofornylaticn, as the Examples 
a - 10 below show. For a micelle -aided hydrofoMsylation 
to be able to proceed, the critical micelle formation 
concentration c.m.q* cf the surfactant ha a to be main- 

10 tained as a minimum concentration . Although a hydro- 
f Drmylation ' is possible in eh« premioellar region (0.B5 
times the c.m.c), see Example 8, the- reactivity 
increases strongly with increasing surfactant concentra- 
tion. The yialda, particularly o£ triformyl products, 

15 increase and the yield becomes <3uantiftetive . 

The results of a number of experiments using different 
concentrations of the catianic surfactant tefcradetyltri- 
wethyl ammonium bromide are summarized in Table 2. The 
reaction conditions correspond to those of Example I, buc 
2 0 the Hh concentration in the aqueous phase waa 275 ppm by 
weight. The volume patio of catalyst phase t D organic 
phase was 3 t 

Table 3 
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Patant claims 

A process for preparing di- ud polyfonnylcarboxyUc 
estere, which cmpriass reacting sotere of wtiltiply 
unsaturated fatty acids and low molecular weight 
monoaleohols with carbon monoxide: and hydrogen at 
from 100 to ISO'C and from 5 to 3 5 MPa in the 
prasanca o£ an aqueous solution containing rhodium- 
phoaphine complexes as catalysts and additionally a 
solubllizer. 

The process as. claimed in claim 1. wherein the Catty 
acids ate doubly or triply unsaturated and contain 
from d to 15 caibqn atoms i» the molecule. 

The process as claimed in claim 1 or 2, wherein the 

unaaturated fatty acids contain from 10 to 20 carbon 
afc<ma in the molecule. 

The process as claimed in one or mora of claims 1 to 

3, wherein the low molecular weight monoaleohols ace 
saturated and contain from l to ID carbon atoms in 
the molecule. 

The process as claimed in one or more of claims 1 to 

4, wherein the monoalcohcl is methanol. 

The process as claimed in one or more of claims 1 to 

5, wharoin the phoaphine is a monophosphine of the 
formula 
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where Ar l , Ar J , At 3 are each a phenyl or naphthyl 
group, Y 1 , Y a , Y 4 are each a straight- chain or 
branahed alkyl group having from 1 to 4 carbon 
atoms, an alkoxy group, a halogen acorn, the oh, Cjs, 
5 N0 3 or R^-N groups, where R A and R a are each a 

straight- chain ox branched alley 1 group having from 

1 to 4 carbon atoma; X 1 , X 1 , X' are each a Sulfonate 
(BOj") or carboxylat* (COO"} radical, n^ n,, n 7 are 
identical or dlttersne integers from 0 to 5. M Is an 
10 alkali metal ion, on* chemical equivalent of an 

alkaline earth metal or sine ion, an ammonium or 

quatarnary aimaniun ion af the formula H fS'S'R'R 1 ) * , 
where R s . H*. R*, R* are each a straight -chain or 
branahed alkyl group having from 1 to 4 carbon 
15 atoms. 

7, The process as claimed in one or more of claima 1 to 
5, wherein mono&hosphines used are the reaction 
products of dial Icy lphoephines or diarylphoapiiine* 
with 1,2.-, 1,3- W 1,4 -but aneevlton.ee. 
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The process as claimed in one or more of claims 1 to 
5, wherein the phoaphines used are dlphoflphines of 
the formula 

(R 2 >n ID 



where R 1 are idantical or different alkyl, cyclo- 
5 alkyl, phenyl, telyl or naphthyl radicals, R 1 are 

identical or different And are hydrogen, alkyl or 
alkDxy radicals having from 1 to 14 carbon atoms, 
CyeloalJcyl, acyl or aroxy radicals having from $ to 
14 carbon a tonus or a fused bans«ne ring, m are 
10 identical or different and ace integers from o to S 

and n are likewiae identical or different and are 
integers from 0 to 4. 

9. The process as claimed in one or more of claims i to 
a, wherein the aurfactante used are cationic surfac- 

1& n&nts or amphoteric surfactants. 

10. The process ae oleimed in claim S, wherein the 
cationic surfactants are tefcraalkyl ammonium salts. 

11. The proceas aa claimed in claim 9, wherein the 
amphoteric aurf aetants are betaines or amine oxides . 

20 12. The process as claimed in one or more of claims 1 to 
11, wherein the concent ration of the surfactant in 
the aqueous catalyet solution lies abova the criti- 
cal micelle formation concentration. 
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13 , The process SB Claimed in On* mure of claims l to 
12, wherein the reaction is carried out at from 120 
to 14D*C and Ergm 15 to 20 KPa. 

14. Tha process as claimed in on* or mors of claims 1 bo 
5 13. wherein tha rhodium concentration in the aqueous 

catalyst solution ia from 100 to 600 ppm by imdight, 
preferably from 300 to 400 ppsi by might, based on 
tha solution. 

15. The proqeaa as claimed in one or more o£ claims 1 to 
10 14, whec-ain. at least 20 mol, preferably from 40 to 

80 mol, of Ptlll) in the form of a phosphine are 
present per mole of rhodium. 

16. The pracesa aa claimed in one or more of claims 1 to 
15, whaxoin tha pH of the aqueous, catalyst solution 

15 ia at least 3, preferably trom 5 to 10 and in parti- 

cular from f to 8. 



Felhcrgtwhaugh 6 Co.* 
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Ho eeha t Afcfrj enggggl 1 Wlwf .t^52ift Frankfurt am Main 



Abatraet 



A prgge^a described for preparing da- and, polyEorniyl- 
carboxylic esters by hydro formylati on of eBters of 
multiply unsaturated fatty acids. The reaction is carried 
out in Che presence of an aqruaoua solution containing 
rhodium c arbonyl /pho sphine complex*!! ae catalyst and 
additionally a Burfaotant, 
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